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he pa\t 20 years have cell not n1y a dramatic increase in the
number of [3-laccam antiblOoc synthesized or disc vered but
al Imjor developments in our understanding f how these
ancibacreri.1.I agen15 act as inhIbitors of peptidoglycan bio ynch-
L'SI!i. 13 1974 it W:l~ ~cablished that bacccrial membnu1l."S contain
multlplt' pentClUm-scnsitlve enzymes mduding tral1spepodases
and DD-carboxypeptidases, and that some of these enzymes
covalently bound penicillin (1-3). These proteins are called
penicillin-binding proteins (PBP) ov,,;ng to their ability to
covalently bmd penicillin and, in general. all members of the 13-
laccarn antibiotic family. AU enterobactena appear co possess a
JlTular spectrum of PBPs differing III molecular weiglu and
affinity for [3-laccams, but apparently perfomring analogous
fimctlons in cdl phYSIology 141. The lugh molecular-weight
(HMW) PUP~ are believed to be the physiologicaUy iinportal1t
enzymes th. t cacalyze the final stages of peptidoglycan synthesis.
The fun tion and enzymatic activity of PBPs have been
t'XIenslVely studied III EKhericilin coli. nle HMW PBl's (PBP
IAI 10, pBp 2 and PBP 3) arc pparcntly bifunctional enzymes
tim atalyze both a penicillin-insensitive pcpridoglyCl n tr.m g1y-
cosyla.~e and pcniciUin-scn. irive trnnspeptidllse reacti n.
pBp I h been rIved into two components (pBP 'IA .nd
IB) that are encoded by different genes (p""A and pOllB.
respectively) [5-71. PBP 1A has higher affinity for ~-lactan15
than PBp I B, but inacriv cion of both pBp I A and 1B 15
required for rapid cdl Iy is. It i probable tim both pBPs
PO~C5S similar ctivitics incl: they show extensive similarities
III their :lmmo-. dd sequences and pI. y mterchangeable roles in
cell waU synthesis. Mut:lrion rudies h w th, t the absen e of
eitller pBp JA or 1B is not lecJlaJ. but that a double mucal1t
lacking both of them is not viable.
PBP 2 has been proposed as being involved in maincenance of
rod morpho! gy [2]. In fuct its inactivati n by l1lucation or ~­
Ia f115 causes fomllltion of spherical cells from rod-sh.1ped
I.tacteria such E coli. To pcrfonn its ph~iological fi~t generntiol1
function, pBp 2 requires the activity of cl)e Rod A protein,
oJTe:lpondmg author and reprint fCqUL'S : Pro. Robcrta Fonuna,
lJlltuCO dJ Mu:robiologu. Unlvcmu degli Sludi eli Verona, traw Lc
Grnie,8, 7134 Veton , lmly
Td.; +39 -I 8()98 191
nx; +39 -15 584606
en oded by the rod A gene lh:lt t~ loCIted in the same gcne cluster
as the pBp A gene coding fi r pBp 2 [8J. It is n t clear which of
the t'Wo protein ~ really 'ponsible for cransglycosyLase ,ccivity.
PI:lP 3 i~ one of the o-called Fu protCil15 who e inactiv:ttion
causes filament Comtation [2l This protein is the peptidogly-
C<l11 synthetase of tile Ctoss-waH system [9].
The low-molecular-weight (LMW) pBp (pBPs 4, :; and 6)
arc regarded as nonessential proteins, sillce str3in.~ carrying
murnnons in darA (PDP 5), darB (pBp 4) or dncC (pBp 6) grow
with nomlal morphology fI 0, III. III addition, doubl.:
deletions in pBp 5 and pBP 6 are n t lethal for bacteri;'!
[101. Th.: e proteins are responsible for most of the DD-
carboxypeptida.se actiVIty and, as suggested by recent studies,
arc appar<:ntly required to maintain a correct balance between
the various precursors that have to be Inserted in the later:d
waU or in the septum [12]. This indkate that the so-caUed
'nonessential PB Ps' are al 0 phy iologically importam and Illay
playa role in the mechanism of action of ~-lactal11s. This has
been weU established by studies on Gram-positive cocci,
where nonessential peps such a pBP 2a of Illechicillin-
resistant srnphylococci and PUP 5 of enterococci have been
shown to cake over the functiom of the other PBp, inacov, ted
by ~-Iacrnms and play a major role in the mechanism of
resistance to these antibiotics [13-191.
Two ddltional peps (pBP 7 and 8) ar.: seldom observed in
the PBp pattem of E. (o/i rrail15 [201. pBP i. a product of
proteolytic cle, vage of PDP 7 [21]. There is subst.111Cial
evidence to ugge t tIlat PSI' 7 may play. role in the urvivaJ
f st.1oonary phase cell (211.
pBPs of other ram-negative species have also been
investigated, though not so extensively as in . (Oli. In the
IIIrroba(/eriacrae species studied to date and in Pseudomol/as
nen/gil/osa, HMW pBp perfoml unctions imilar to the
corr 'sponding Eo coli PBP (41. PBPs of ram-negative 0 ci
are also homologous to those of E. (oli: PDP 2 f cisseritl
.~ollllfTllIleae i clearly the homolog of PBp 3 f . coli ,nd
functions in septum fon113cion and divi ion of chi pedes [221,
INTERACTION OF PBPs WITH f3-LACTo\MS
~1, '
In recent years it h. become evident that PBPs as weU as a
large number of [3-laccama es ,re members of an 'a rive serine'
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':lIzynll' 1~lIl1lv 1231. Th.:. e 1lI01l"cul.:s sharl' strlkJllg S11ll1lana.:~
III th':lr gen.:ral ard11re rur.:s. Ol1leUIlI':S III the absence of
q~llIti ant ;lIlalo~e III their pnlll. ry rructure. Howevt'(,
'0III l' ~mlcru I an I fi.lllcnonal d':IlI':I1l~ ,re wdl conserved
.lI1d ar,' Illvolved III lonnaooll of th,' a riv.: ~itc. TIll.'<;e
~truClural d':lIl.:n13 .1r,' an S* XXX (crr:ld. ,Iwre * I the
ani l' Sentll' rc Idul'. all D lnad ,1I1d a KT(.) I or H
s.:qlll'ncc In PBPs th.:sc thrce conscrved delllellt.~ arc located
111 th.: seloml half of th.: polypcpude ch. III III the '-temlill:ll
pOnion. Th.: N-temunal p m n I. resp nSlbk tor an horing
the prolelll III rhc membrane and. d,'pendllll; on the pBP, f r
odll'r fUllcn ns 'u 'h ,IS trail glycmylase aetl"lric~.
All P13Ps catalyze their own acylallon by 13-lactams [231. If
the prmcm has an cnzynLlllC aCli lry (transpepudase or
earboxypcpl1clasc) lh I can Ill' dCllIonscrat.:d with an ill I,ilr"
~yst<:m, the Il1lcracu n berwl'clI a POP and p-lactanL~ can bc
stuclied h nlllllllonng the time-d"pendel1l loss ofacnvlry after
till' addltl( n f the. miblOn ,and the rccnvcry f the c. talyuc
prorerne aftcr Isolatl n of the acyl-enzyme. With pBp
lev Id of 1/' ",Ire> cnzymaac acnvlry (1Il0 t of the ph slOlogl-
caUy important PJ:jP,). dltc t IIlcasuremel1l of till' r:Jte of
pelllcllhll hllhhng 15 the only practlcaJ pproa h for stud Ill!;
thclr IIllera oon wIll1 the antibiotic 1201.
In these expenm 'nlS the membran,' or purified POP
rrep rau n. .Ire III 'ubated with ". ri u~ concenrrarions of
radIOactiVe ;mabloac and, after a . tandard conta t time
(genet:llly 1() 111Ill) the re, non IS stopped by addition of
SOdlUIll dodl'cylsuliate an I heatlllg at IOO' ,The PBPs are
Ihen ~er. raId hy pol a rylanude gd de trophoresl and the
gel expo. ed to X-r.IY film, The sen It1Vlry of the I'llI' to the
tested p-l. ct, m I ,'xpressed as ID5() value (reprcsenting the
pemclUm con eneratlon necessary to label 50% of a gwen
I)J:jp) III e av,llabiliry of t:ldJolabelcd ~-bctams (apart from
I'cm 11hn) I, very hmited, the interactlon 0 p13Ps With
unlabcled compounds IS snldied 111 competition cxpenmcl1ls
, her" the membrane r punfied POP prepat:ltl n IS IIlcubated
With van lIS con entt:lOOILS of the ~-Iactalll to be te ted and
chen' ith a ,aturanng con ...nrratlon of radio cnvc I'cmcilllll.
Thl~ method ha becn used 10 ('orrclate thl' exrent of!kll'Ut:ltion
of IIH.l.lV1dual PJ:jps With ~-Ia tam elfec!. and has largely
onrnhlllcd to our under.;randmg f the rol.: thl'se pr rellls
play III hactl"naJ phYSIOlogy able I).
Clinical Microbiology and Infoctlon. Volume 6, Supplement 3. 2000 J5
STRUCTURE-POP AFFINfTY RELATIONSHIP IN GENERA-
TIONAL EVOLUTION OF CEPHALOSPORINS
Fmt-gent't:lnon cl'phaJosponns have a rdaavely low at nury
for PJ:jP of ,ram-neg-lOve baeren. bit: 2) [4.24.251 .
Intr lu lion of an ct-ox),U1uno b'T up In rhe -7 ~dc-chall1
(a in cefur xlme and mo t of rhe -calll'd rtmd-gencr.laon
cephal ponm) mcrcase lhe actlvir)' agamst .ram-negati,·c
hactem and the affilllry r. r PDP 3 [261. Th... ID5) of rtll'Se
COlllp unds for PUp3 ranges r m O. 3 (cl'llJltome, Cefepll1le)
to n,4 ~lg/mL (ceftnaxonc). Wllhll1 thiS group the affirury ior
P13P 2 may vary from very low valuc~ (0.25 and 0.34 ~lg/mL
for ccii:pnlle alld ccti:naxone, respecm'ely) to ,'alues of 240
~11;/1Il (ceftazidime). Su h dilTerencl'S III afJiniry may be
dl,teTlnll1ed by variJCIon III the o. 1J1lmO mbsmuem (i.e.
anunolhiazolyl v, IImnomethoxy gT ups) or III the -3
substltuent [261. ThiS IS clearly hown by cefcpune. ectjnromc
and l'fa 'hdll1c, win h all cont:nn the me methoxYll1un
substituent 111 -7 but dLlfcrent uh tltuent.' with a quatenury
IlItrogen at '-3 127-291. It i eVIdent that the quar ffilzed N-
mcthyl l'yrrolJdll1e m lery f efepime endO\ tlus cC'ph.lo -
porm With the lughcst affil1lry for PDP 2. efoXltlll ;lnd
cefot'tan. III ommon With ther 7-~ metho. cephalosponns,
how httle affimry for PDP 2 [261. H wever, these compounds
dJlfer from the otller cephalosponns III their greatly cnhan ed
abili to bll1d to the Ilon... ennal PDP 4. 5 and 6 The aflirury
o thl'Se ol1lpounds for PBP3 LS app rentl m dul ted by tlle
7-p . yl h Ill, since cefOll'ran, which onrains a 7-~4­
(c rbamoyl, earboxylatoll1l"thylene)-L,3-dJlluethan-2yl. shows
an lIlerea ed affilllry for PDP 3 ompared WIth efoxlOn.
e~ulodlll, will h conraim a 7-D(~-sulfo)phenylacet:unido
Iide-challl [.>0], has very pe uliar behaVIOr ill its imeracoon
, ith POPs. It l~ the only cephalosp nn that d es not bind to
all P13Ps 2 and 3 and re1luires, as I prima.ry target, pBP IAI
ID. ephalondmc also apparentl acts through in!ubiaon of
PO I s IAI \ B. but differ.; &0111 cel! ulodln 111 that It also binds to
other cella. J PBPs al lugher concc'IllratlOi .
The dilferel1l affillJry of ephalosp nns tor the c enaal
pDp~ L\ al 0 ~hown by the morphological elfec the)' cause.
'ephaloridine and ce uJodm, wluch bind preferentially to
I 01' IAI \13, cau e spheroplasong nd lySIS 0 E. rol, culrures
141. A numher of cphaJo porin (cephal tlun. cephalexlO,
Tabl 1 Inlo,acllon ot E coil PBPs Wllh
O.laClam anllb,OIiCS PBP Antibiotics showing marked affinity
1A Mosl cophalosportns. b nzylpemcillin. cephalorldme. celsulodin. eolulo.tme. c 10la.lme
2 Mecllhnam. c1avulanlC aCid. Imlpenom
3 Cephale..n. many olhe, cephalosporlns. pIp laclilin mezlocilim. llweonam. mo.alactam
4 BenzylpenicIllin. ampiCillin. Imop nem
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10&0 (Jl9/mL) for PBP
Antibiotic lA 18 2
Cephalothm 025 16 37
Cefazohn < 0 25 4.7 46
Cephalorldme 025 25 50
Cephalexm 4 240 250
Celoxtlm 0" 39 250
Celuroxlme 012 16 137
Celoleten o 2 10 -,25
Celolax,me 0,05 07 5
Ceftrlaxane 017 1 034
Cefsulodm 047 37 > 250
Ccftozidlm 09 34 240
Cefplfame 14 7
Cefcp.me 15 025
Celachdme :>25 > 25
NO. not determIned.
3
1
58
8
8
5,8
0.09
02
< 005
04
~ 250
0,06
003
0.03
05
MIC
Jl9/mL
16
4
2
8
2
2
006
008
0125
NO
02
0.02
001
01
Table 2 AHmity of cephelosporins far
HMW-PBPs or E. col' [24,25]
cefuroxime, n:fotct:ln, cefOt.1ximc, ceft:lzidime, cefpir me.
cefepime. ceC1 lidiJ,e) show prim:lry affinity ditected against
PDP 3 and cause 6lamcntation at their lowest dfectiVl'
concenrrarions [-1,251. At UlCTeaslng concenrraoon all these
ccphalo porins, apart froOl ceferime, bind PBPs lA/Ill and
cause spheroplast fon11Jloon nd rnpld lysis 14,25j.
With cc:phalo porins such cc:f.'\Zolin. nd cefoxirin, which
owe theIr allubacrerial activity to illhibitioll of both PBPs
IAI LB and 3 (the atliniti<:s for dlt:se proteins being similar (or
both antibiotics), the morphological response een in E. coli i a
combination of spher plast fom,ation and filamemation.
eferlme, which is unique am ng cephalosporim In thar ir
show . combination of high affiniry for PDP 2 al,d 3. cau es
fommion of [uamenrs with a high number of 'blebs' . t
concentrationS tim bind borh PDPs 1251-
AffiNITY fOR PBPs AND BACTERICIDAL ACTIVITY Of
CEPHALOSPO RINS
Alth ugh inhIbition of growth by 13-la n i~ always
ccompanied by, certlin degree b. tericidal activity, tlll:n:
IS no d ubt that the killing effect may be qua.lita.rively difierent.
alta. et al. (311 have sh wn that in E. coli the binding f only
one of each of the tItre.: essential PDPs causes a rei. tively slo
b. cterial death. Thus, 6 h after the bClPnning of incubation
with the antibIOtic a I, rge number f cells (10"_107) :lJ" till
ilive. In con trJ.U , aturntion f:ill c:s cntial PDP c. uses nOt
only very rapid and alm t complete xtinctioll of ba terial
populations as large as lOll, but .1150 cell death with the f.1ste I
p Ible kmencs; coocenrntions ex eding those neee 'dry for
sa.turating the e s.:ntial PBPs do n t in r.:a c the rate f
bacterial killing, and binding and saturation of nones enri, J
PBPs have no effe t on the kinetics of b, cterial de th. It rl1m
emerges thOlt inactiv don of one of the e cntial PBP by~­
lactams primarily cause the inhibition of £,'1'owth, followed by
. relatively slow death of b1Icterial cells, while inactivation f
the three essenna.J PB'P • t the same oJ"e causes, as irs primary
dlect. cdl deatll, wlu h is respomibk for dIe apparent growth
inhibition. Consequently. rwo different targe for inhibitOry
. crivity of P-1. ct:lml . gain t E. coli can b<.' discernt'd: ne
repre c::med by each of the essential PBP and pnmarily
responsible for a growth inhibiting effecr. and the other
con isting in the three essential PBPs together. and pnmarily
re~1 on.sible for cell kilhng.
As sh wn in Table 2. cephalosp rin.~ vary in their abiliry to
bind the two t:lrgets. Some. u h as c fSulodin. specifi 'ally
bind only the targct for the bacterio. t:lric effect. \ hi ·h is one
of tile tlltee essential PBPs, PDP lAI lB. while others also
partially or complerely IllJlibic two or three of the HMW
PBPs. None of the cephalo porins s,1turnte the t. rg r or
ba rericid:ll activiry ae the M I " but. omc, uch as ceftriaxone
and cefcpime, do thi~ at on enrraei IU ea i1y n"ach·d in
human ti sues 132,33J.
Clltn'Lln et aI. [34J have comp, red tht' ba ten ieL'lI •ctivity j'
cefrri:lx ne. cefot.1xime and ceft. zidime, which h, ve very imil, r
M f s and similar affiniry for PBP 3. but which vary in affinity
for PBPs lAJIB and PDP 2. Baeten. were Incubated with 2).1g
of ~ h antibiotic per 011. oncenrration that subst:ll1ti:illy
~cceds the [050 of ceMax lie ior .11 three enoal PBPs, bllt
w (.lr I w<.'r than the c nc 'nrration f cefi raxi01C required to
billd 50"/0 of PBPs IAI IB Jnd PDP 2. Killing curves indicall.:d
that after 3 h II1cubation, cefi:ria..~one caused 4 log de 're:L~ in
CFU. whereas eeforaxlJne and ceftaZJdirne ~.'5ed a 2 log, nd 0.1
log decre:t e in FU, r~pectlvely.
At pre ene, it IS nor pos ible t provide any 'onclmive
explanation of the meeh, m 111 whereby aturatlon of the
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HM W PUP, cause< su h r.tpld J...ath of" E (,.Ii populal·iOll.~.
How<."\·... r, ,S pr...nou-ly <uggnl"d, tWO medlalll~ll\S "xist fill'
til,' h'Towlh (l till' haneful "lIvc:l IJI" ill E. ",fi. 011... of which is
r"'lollslhlc for l.u"r,11 w,IiI fClnnatlOll ,md th,' mh"r for S<'I'tUIll
fimllatlOn 1-15-371. We have also !oulld that wh"n till' acrivilY
uf th ... rwo SItes 1< lully pr,'wllted either by antibiotics or by
mut:lnom, Illanol11olcc\llar syllthcSIS IS 1IllIIU:dl:ltc:ly blocked,
wh,'rcupon b,ll"fc'nal cell< r.tpldly ,he. IlICe PUPs I, 2 ,Illd 3 of
E (I,/i :11'" ,III IIl\'UIVClI In later, I wall elll1~:ulon and 'eptum
tCln1latlClll. II i vcry Iikc:ly th,ll theit maCtlV,ltioll hy p-I:IClallls
C\lI'es ,olllplete blocbde of c,'l1 wall expansion, followed by
lIIacromolecular ,vlltheslS IIlhlhltlOn alld ('<,11 death.
AFFINITY OF CEPHALOSPORINS FOR PBPs IN OTHER GRAM-
NEGATIVE BACTERIA
The PI:lP protl1..., of species bc:longmg to the ElI1t'1'(lbllrrerill«'(/I'
Emllly and of 1', lI/'m,~i'I(!.ill aI',' very smu);,r to that of E. ,,"li. All
these speCies <ymhc'lze a PI:lP whose mhibitioll causes
Giamellt,1rI01l (s\lch as PI:lP 3 of E (l,iI) alld a Pill' whose
mhihltloll lII,tUc<" rolln,l tUflll< (su'h as PI:lP 2 of Ii. nlil) [41.
The hilldlllg of a r:lllge (If c<'phalosp )l'\IlS to pOP~ of
£111/,1\)/"1(/1'1' d"ll('''', Kh·I>.,i,·/I'1 <It'h~~"lIe, and P" ....id..llci,' "'(~~rn
Imhotc, that, similarly to E m/i, the prl'fcrelllJ,l bindin~ f
-ephalondine IS to PUP IA/II:l and that of cefuroxillle is to
PUP J 141 There IS also no dll1"'rence III ID50 valul'S between
lh,'se pecil'~' A very hl1litl'o nllllllwr of malic' h. vc bel"ll
cJrJ'ied Ollt ,>11 rhe affinity of th,' PUPs l f these peClCS for
(<.'f halo'l'0ntlS f more recenl gencr.ltions. Thl'n and Anghem
13ill reported hIgh cctepmlt' .Itlllliri<:s for both PUP 2 and 3. in
Jweelnem With the: Jara rt'pl)fted for E. (Illi.
The prelcn'lltlal bmdin~oi cephalosponns to P. IIrr",~i'I"'<t' is
,11::;lln S1lllil.1r to lhat found in E. (ull and, conseLjllt:lltly, these
alllibl{)til-s IIldu-,' .lIlular 1ll0001'hohlf{ll:al efJeels III the IWO
org,lIl1slll' 1.>':1-421 ahle 3). Among the cephalo,porim
stuoil'd, cc!'lIlodlll LS ullusu"l In thal It preferennally hinds
P13P ,} In r. I/,.,,~~j,/()Sl/, causinp; fiblll,'nl:ltion. whereas It hmds
PUP IAll Jj III E. foli, callsmg <pheropl.1sring ami lysis. In fl.
",'nl,~i"rsl' all thc lourtll-genaatlon ccghalosporins dispb. very
lugh affimtl<:s fllr PBp 3. \ hich arc supenor to tllat for E ("Ii,
and all have vcry poor affinity lor PUP 21251· Howevct, therc
i~ no evident corrdali n belween MI s and PUP, flinities in
this spen...s. Tim probahly reflccts the rd:lnvc:ly I .w p,'nllc-
abihty of thl' P. 1/l'n1gi"IlSIl outcr memhral1l' combined with
low level 13-lactamase produ oon ova lhe 24-h penod.
AFFINITY OF CEPHALOSPORINS FOR PBPs OF GRAM-
POSITIVE COCCI
In contrast to the sItuation lound in E. IO/i and Certalll other
Gr.tm-ncgauves. where rreatmelll wlth spccitic 13-lactams
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results III char. cten'nc nlorpholog1l:JI change~ thaI C.1I1 bl'
corrl'l.lted with hlTlJllIg of rhe annblDn to a l'amcular P13P..1
silnibr ..p"t.:ifi<, re'pon e Ius n,H b"ell reponeo In Gram-
positIve baclena.
J11 gen<'ral S. I/llft'IIS IS more sensitive to the fir;t-anu sccond-
gClltTation rhall [0 thm!- and t(llIrth-~ener.ltIoncephalosl'0r-
illS. Onl' pOSSIble e -pbn.lnon I' that the tonner compoulIOs
hal'''' Ingher atlilllty for Pl.W, 2 and 3, \ hlo.:l1 arc the bkdy
k.illtng tar~ets In tillS SpeCle\ 14JI. 1'1.31',2 nJ -' are lillKtlUnally
Illtercllll1l','matory and jUlm Illhlhltl 11 ofhotll protl'lns would
hl' nel:essary to lull the orh':ll1lsm able 4).
StaphylOCOCCI that are reSIStant to p-betaJ1ls not hydrolyzed
by SI.lph),1 coc al pelllctll.ll1ases (tilt: so-cJlleJ 'lllcthlCillm-
I"C>lSlam ~tapltylococt.:I·) ,yndleSlzl' . new Pill' (1'131' 2.) wHh
all unmll.11 low amlllt)' or all 13-1.1o.:talll [19], Allhou~ lome
l·phalosporim. Illa)' exlnbll i" pirro at'llvlt)' ag:nl1.\t lllerlllCllllll-
resIstant Srralll\, m particular those With the h,'leroreR tant
phenotype, the usc of these annblO[lcs IS nOt rccol1llllcllded for
the therapy of ITlfectlons caused by these trams.
Six PUP arc lIellcrally dc>re Icd In emerococci IHI, I'1.3Ps 1.
2 ano 3 w,'re proplhcd as targel protelll SII1C,' lhe)' llllld 13-
laetalll' ,It cnn<'entr.ttion' comparable wldl thc MIC ,md how
physi 11 gically important filTlction.l 114,441 Tht: narur:t.l poor
\11. "cptibility of entero occi to 13-lacraI1l.S, 111 partlculat 10
cephlliospomu, has been ascnb....d to dle production ot' a low
afl]II11 1'131 (PU! 5), a llonml cOl1lpnn.... nt ,If [he PUP partcm
ot' lhe\e 1111crorgalll illS II7,IHI. III the spent' Illore exten-
sively 'llIdied (ElJlno((l((U' /,ir,Jr', £ II/crilllll. E(.Il'((/lis), the 1 w
atlinity Pill's ,har,' . everal phY_lCal and blOlop;lcal propeTtle'l: "
mok ular m:lS> of 75 kl a, a low a.lEnity till' all p-bctams, III
particular lor cephalosponlls, .llltl Illllllunolog. ally cros,-
reactive cplmpe, 1-l51.
1'''111 tllill-resistant:<' tlt'vclopmem III elltemco,CI ha.. hcc:n
J."~OCI.lll'J Wilh overprodu cion of P13P 5 117.461 alld lhi~
l1lechanL~m has been a. crihed 10 the ahtl.lty of dll' proleln to
take over the h.lIletions of tile othl~r l'llPs lIlactlvatcd b. the
antibiotics It 4,161. ACLj\llSlI1011 ot" a lugh-Ievel aml'lcl1.1111
rC"lstance 111 E JiJrwwl was aSSOCIated with overproduction of
1'131' 5, which compared with PI:lP 5 of mode-rately rc;lstaJ1t
strams, and appeared to be mOllified III m pemolhn-bllldlllg
capablltty rI5,471, Thc modIfied phenotype of POP 5 was
found to be :l.!.soClated \ idl somc antino a Id suh atutlon III
the region between the nand KTG mooE. In particular,
the substItution converting a polar reo idlle III a nonpolar
one (A or 1) could play an IInport:mt role 111 remoddmg the
pCl1lctllm-bll1olllg domalll and dcterl1lllllllg tht' decrt':l5c III
penicillJll atUnit .
All thc five PBPs of SIl'I'pllJl(!(f/lS 1'/II',lIIlll"ia,' ,Ire m:lctJ , rcd hy
very low "on cntr:ltlOlt.. of pelllclllllls alld Ilew geller:moll\ of
cephalosporin ahle 5) 14RI, In contr:lst \ tth the situation found
II'l odler .ram-posinve baccc:na, tirst- and sccond-g(·ner:mon
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Table 3 Competition of
1060 tor pap (,Jg/ml) cephalosporlns for lhe HMW
MIC PB Ps of En/orobec/or cloocoo.
Organism Antibiotic lA 18 2 3 (I,g/ml) Klobslolla aorogenos.
E. cloacae Cephalorrdlne < 0 25 3.8 90 15 4
ProvidoncJa /ollger! and
Celoxllin < 0,25 9 ;> 250 5 B
Psoudomonss lIorugmoso
Cefuroxlme < 0,25 32 12 < 0.25 8
[4.27.39-42)
K. aorogenes CephalorIdine 0,27 5,3 60 11 8
Cefoxltin < 0,25 4,8 ;> 250 6,7 8
Cefuroxime 0,25 3 7 0.25 8
P. rottgoll CephaloJldone < 0,25 2,7 240 16 4
Cefoxltin 0,35 3,7 ;> 250 9 8
Cefu,oxlme 0.3 1.8 70 < 0.25 8
P aOfUginosa CephaloJldlne 0,8 0,4 NO 0.9 0,6-1
Cephalexin 35 0,7 NO 41 16
Celoxiun 0.1 0.1 NO 0.1 0.05
Cephalolhin 10 0.2 > 200 1 NO
Cefuroxime 2 5 ;> 200 5 NO
Celsulodin 19 2 > 250 0.3 0.Q3
Ceftazidime 0,8 6 25 0.1 0.05
Celepime 0.035 0,75 < 25 < 0.025 0.06
Celpirome 0.06 0.5 < 25 < 0.025 0.5
Celaclidine 0.45 1.25 < 25 < 0.025 0.06
NO. nOI del ,mIned.
Teble 4 AHlnilV 01 cephelospotlns fo, the paps
100 (I-/g/ml) for PBP of S. au/ous [40)
MIC
Antibiotic 2 3 4 IJg/ml
Penicillin G 0.01 0,02 0.0015 3.7 0.013
Cephelo/idine 0.014 0.018 0.025 11 0.013
Ceph 101hln 0.046 0,14 0.046 33 0.16
Cefalexin 0.046 0,046 1.23 ;> 100 2.5
Caloxi'in 1 0.16 0.17 < 0.01 5
Cefamendole 0.14 0.41 0.41 11 0.32
Cefuroxime 0.1 0.06 1.4 ;> 100 0.64
Cefope,azone 0.14 0.41 0.41 ;> 100 0.64
Celo18xime 0.13 0.04 2.3 28 1.25
Ceftazldlme 0.1 0.8 12.5 100 8
ccpb;a./osporios are less :lctive and their ability to inactivate
PBP, IS lower thao that of ceforaxime. From dus study it was
not possible to identify the PDP thar were the physiologic:tlly
imp rtant urge ; however, studi with penicillin-resisunt
clinin! isolateS suggest,ed PBP Land 2 to be killing sites for ~­
lact:uns f48]. Ao;a1y is of the PBP-binding profile reve;a./ed a
series of changes associated with increased resisunce f491.
These mcluded :l decr<.-ase io the affinity of PEP 2A. loss of
PBP 28. decrl:ase in affinity. followed by 10 of PEP LA and
lB. In addition, PBP I appeared in org:lIlisms of high
resiuance. 10 all these organisms no change in PDP.3 were
seen. Sucb a complex. sifuation of PDPs in resil tant strail was
explained by the finding tbat low affinity variants of
pneumococcal pDPs were encoded by mOSo1i genes where
parr of the sequence found in sensitive smios was replaced by a
homologous. highly divergent sequence, presumably tlle result
of intra-and interspecies gene transfer events [50]. Peuicillin-
resisunt strairu shO\ in gcnernl increased resistance to other p-
I tams, but ceforaxime-resisuDl isolates with intennediate
su ceptibiliry to penicillin have been rcc 'ndy isolated, and this
phenotype appears to be govemed by specific amino:lcid
substitution in PEP 2x [51].
CONCLUSION
The extensivl: IIwestigations of the inthnctions of ceph, 10-
sporins with the PBP of tUnny organ.ism.~ have bown the
divemty of the ensitiviry of individual PDPs. thu explaining
t 2000 Copyright by the European Socloty of CI nieal Microbiology and Infectious Oiseas . eMI, • (Suppl. 3), 34-40
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1050 (}/g/mL) for PBP
Table 5 AflmilY of
cephalospo/ms fOl the PBPs 0'
S pneumomao [48]
Antibiotic
Benzylpenicillin
Cofow.,me
Cephalorldme
Cephalothin
COfo.,'in
Cophalo.m
Cefsulodm
lA
O.Otl
0,007
002
< 0005
3
2.5
12
lB
005
0004
0.007
0005
0.06
15
20
MIC
2A 2B 3 1/lll/mL)
0,07 0.07 0.01 0006
0,002 0.03 0004 001
0.02 06 0.002 025
0.08 04 004 02
1 3.5 < 0.2 '6
1 10 01 3
3.5 25 08 12
[() sOllle extent the dillerem .1I1tib~C[erial dTetts of till' t
allllh,on" The 1I1l<h: ....talldm~ of'lntcrun:lattivlty rl'lanon-
ship will clI.lbl . ~ II10r" r;lnollalt tksign of nove! eepltalospllr-
ms with merta'cd ~-lactal1lll.St ,t~biltry. lI1ereascd abJliry to
penetratc th ... OUlcr Il1Cl1lbr~lIe oi .rJI1I-nt~,';lCIvC baetcna alld
mneascd .It'!:illlty f, r tht tno 'al PI3P .
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